The economic efficiency of dual purpose cattle is influenced by a large number of traits which may be classified in groups of dairy, beef and functional traits. The combination of estimated breeding values for single traits in a total merit index, as long practised in some Scandinavian countries, is currently being implemented in a number of Central European states. Economic values for populations of dual purpose cattle in Austria derived from a deterministic herd model are presented. Traits in the dairy group are fat and protein yield; beef traits are daily gain, dressing percentage and carcass conformation; functional traits are longevity, persistency, fertility, calving ease, stillbirth and somatic cell count. A rough average over populations ofthe relative economic importance of dairy vs. beef vs. functional traits is 37:18:45 (economic weights ofthe traits are scaled with their genetic Standard deviations, differences in expression of traits are taken into account). Due to the covariance structure of the traits most of the gain is expected for fat and protein yield (moderate heritabilities and high positive correlation of the two traits). The proportions in expected monetary gains from the three sets of traits are 81:9:10. Omission of beef and functional traits from the index would lead to a 13 percent loss in total merit and negative responses for beef and functional traits. Inclusion of conformation as an early predictor of longevity has very little effect on total merit. The indices presented are compared with total merit indices used in other European countries.
1.
Introduction The selection index as derived by Smith, Hazel and Lush is the Standard tool to combine information on different traits of economic importance into a single value that could be used for genetic selection of individuals in a breeding programme (HAZEL, 1943; HAZEL et al., 1994) . Although it was soon adopted in pig and poultry breeding, cattle breeders (outside of Scandinavia) were somewhat reluctant to implement selection indices. Only very simple versions combining milk fat and protein yields with different weights have been used for some time. For dairy breeds, this is explained by the dominance of the dairy characters but for dual purpose breeds it would seem obvious to combine dairy and beef characteristics via index selection (PIRCHNER, 1986) . Nowadays selection indices with varying degree of completeness and sophistication are being implemented in many countries and many breeds (PHILIPSSON et al., 1994) . Under the conditions of füll markets, quotas and decreasing producer revenues from milk and beef, the profitability of farming enterprises with dual purpose or dairy cows is more and more depending on the minimisation of production costs. One way of reducing costs is by genetically improving animals for a ränge of characters nowadays called functional traits. These are mostly traits related to fitness and survival and traits reducing the metabolic load of cows (like persistency of lactation). Inclusion of these traits with large economic importance into a selection index seems advisable. Conformation and type traits are also routinely evaluated and, although economically probably less important, rank high in the personal breeding goal of many farmers. This is therefore a fourth group of characters that might be considered in a selection index. In this presentation we will compare indices including dairy traits only, indices with dairy and beef traits, and indices with dairy, beef and functional traits. The indices will be based on economic weights estimated for the Austrian Simmental population. The effect of including conformation traits will be examined by adding one conformation trait to the index. In one Situation this trait will have no economic weight itself but be correlated to longevity. In a second approach the conformation trait will be considered uncorrelated to all other traits in the index and receive different subjective weights. Evaluation of all indices is based on expected natural and monetary genetic gains in the Austrian Simmental population using a complex deterministic model of the breeding programme.
2.
Methods and analyses
Selection index
The total merit index for Austrian Simmental cattle as defined in MIESENBERGER (1997) and MIESENBERGER et al. (1998) is used as the reference for all calculations. It includes 14 traits (2 dairy, 3 beef and 9 functional traits). Table 1 lists the traits and gives economic values used in the calculations. These values were derived from a herd model originally developed by AMER et al. (1994) and extended by MIESENBERGER et al. (1998) . All weights are expressed as marginal monetary gains due to improvement of a trait by one genetic Standard deviation. Changes in herd profit are scaled to the unit of one cow. The matrix of heritabilities, phenotypic and genetic correlations used in the index is given in Table 2 . 
2.2
Modelling ofthe breeding programme The program ZPLAN was used to describe the Austrian Simmental breeding Programme. ZPLAN (KARRAS et al., 1994 ) is designed to optimise selection strategies in livestock breeding by deterministic calculations. It is based on a comprehensive methodology of evaluating both the genetic and economic efficiency of breeding strategies considering one round of selection. Breeding programs and their parameters are defined by the user, and the program calculates a number of criteria such as annual monetary genetic gain for the aggregate genotype, annual genetic gain for single traits, discounted returns and discounted profit for a given time horizon. The gene flow method (HILL, 1974; MCCLINTOCK and CUNNINGHAM, 1974) and selection index procedures constitute the core ofthe program. Selection groups have to be defined which are specific for their sources of information and selection intensities. ZPLAN considers several tiers in the scheme such as nucleus, multiplier and commercial unit. The Simmental population was divided into 12 selection groups and the essential input parameters were assumed as follows: For the selection index part of ZPLAN the information available for the evaluation of an individual has to be defined by type and number of relatives contributing to the index of an individual. Numbers chosen were based on averages of individual, offspring, parent and collateral relative information available in the animal modeis yielding EBV for the groups of animals defined. Table 3 gives reliabilities resulting from the definition of sources of information for subindices for dairy, beef and functional traits for certain groups of animals.
Population Parameters

2.3
Variations ofthe index The index currently used for Austrian Simmental includes dairy, beef and functional traits. To show the consequences of such a complex index, it will be compared to indices with dairy and beef traits and with dairy traits only. The expected response to selection based on population structure and selection intensities in different pathways as defined above is the measure of comparison. Response will be expressed in genetic Standard deviations for each trait and in EURO for total monetary return per year. To investigate the inclusion of conformation traits two pathways are explored. It is often argued that conformation traits can be used as early indicators of functional longevity and that their economic importance derives from this relationship. To check efficiency of such an approach we include a single conformation trait that is assumed to be a combination of traits related to longevity into the index. The trait has a heritability of 0.35 (BROTHERSTONE et al., 1998) and is assumed to be correlated only with longevity. As no reliable correlations between conformation and longevity are available due to reasons discussed later, two situations are considered. In one, the correlations are low (0.15 phenotypic, 0.30 genetic), in the second they are higher (0.30 phenotypic, 0.60 genetic). The second way of exploring the effect of conformation traits is by including one conformation trait directly in the index with an assumed economic weight that is proportionate to the sum of all economic weights (scaled to genetic Standard deviations). The heritability is again 0.35 but this trait, which might be envisaged as some total score independent of whether traits are positively related with longevity or not, is assumed to be uncorrelated with all other traits in the index. Therefore, conformation is an independent selection criterion and the effects of selection on conformation in addition to selection for the index can be studied. Variations with up to 50 percent of the index weight being reserved for conformation are considered.
3.
Results 3.1 Dairy, beef and functional traits The responses to selection under three types of indices are presented in Table 4 . For the complex index including dairy, beef and functional traits (DBF), most of the gain is achieved in the dairy traits (0.18 genetic Standard deviations per year). Comparatively large gains (0.05 to 0.10 s A ) are achieved for daily gain, the maternal component of calving ease and functional longevity. Slightly negative gains (< -0.01 s A ) were found for the maternal component of fertility and the paternal component of calving ease. For index D, an index with dairy traits only, gains in dairy traits were higher but of all other traits, only maternal calving ease and daily gains are expected to improve. The largest losses are observed for somatic cell score and female fertility. In Table 5 
Inclusion of conformation traits Conformation traits as early predictors of longevity
Breeding values for functional longevity are currently estimated in Austria by a nonlinear Cox model accounting for censored records (DANNER et al., 1993) . Therefore longevity is already in the index and extension to include a conformation trait for early prediction of longevity includes only definition of an extra trait that does not have an economic weight but will improve prediction through correlation. When assuming a genetic correlation of 0.30 (phenotypic 0.15) between the conformation trait and longevity, the total economic response per year increases from 11.886 EURO to 11.895, i.e. less than 0.1 per cent. The response in longevity increases from 0.0508 genetic Standard deviations per year to 0.0515, this is an increase by slightly more than one per cent. If the correlation is closer (0.6 genetic, 0.3 phenotypic), the monetary response per year is 11.928, again very close to the response in the base Situation (increase of 0.4 per cent). Response in longevity is 0.0543, about 7 per cent higher than in the base Situation. The responses in conformation are 0.025 and 0.050 genetic Standard deviations, respectively, for the two situations.
Conformation as an independent selection criterion
In a questionnaire, Austrian farmers were asked to give subjective weights of dairy vs. beef vs. functional vs. conformation traits. Of 17,525 Simmental breeders, 7,137 answered this question and the average proportions given were 44:22:19:15. This means that farmers subjectively place a weight of 15 per cent on conformation. Although this is definitely not comparable with an economic weight, it gives some indication ofthe importance of conformation to farmers. It is also arguable whether the farmer thinks about the fitness related part of conformation or about the "beauty" of a cow when he is placing this subjective weight. To investigate the cost of selection for beauty we placed artificial weights to a single conformation trait that was assumed to be unrelated with any ofthe traits of economic importance. This is therefore a different trait from the one defined above. The 
Austria
The selection index used in Austria has already been described extensively throughout the paper. Basic features are inclusion of 14 traits (2 dairy, 3 beef and 9 functional traits, no conformation traits). The weights of these traits are given in Table 1 . There is no unique formula to calculate the index from EBVs on single traits as individual weights based on approximate accuracy's ofthe single EBVs are derived for all bulls and cows in an index procedure. MIESENBERGER et al. (1998) give index weights (b-values) for a typical cow with typical accuracy's of single trait evaluations and for two bulls, one which just finished his test and one proven sire with many offspring. The index was implemented in 1998 and the acceptance of this index as selection criterion is high as shown by the analysis of a questionnaire answered by 7137 Simmental breeders in 1999. 69 percent ofthe breeders were naming the total merit index as one of their four main selection criteria out of a list of 13 choices. This was by far the highest proportion any single criterion achieved. The index is expected to be extended to include other functional traits by the end of 1999.
Germany
Economic weights for German Simmental were derived by MACK et al. (1997) . Although derived in a different way, they were rather similar to the values found in Austria. Unlike in Austria, a fixed set of formulae is used to calculate the total merit index (GZW) from subindices for dairy (milk value), beef (beef value) and functional (fitness value) traits. Somatic cell score is currently not part ofthe functional traits but enters the GZW separately. All values are standardised to a mean of 100 and a Standard deviation of true breeding values of 12. GZW = 100 + 0,71 • (milk value -100) + 0,35 • (beef value -100) + 0,23 • (fitness value -100) + 0,18 • (somatic cell score -100) milk value = 0,2 • fat kg + 0,8 • protein kg fitness value: fertility, calving ease, stillbirth Longevity is expected to be included in the index in the near future.
Switzeriand
Economic values for the Simmental population in Switzeriand were recently derived using the model of MIESENBERGER (1997) for the same set of traits with some variations in trait definition. The Swiss Simmental population is split into 3 different sections based on proportion of Red Holstein genes. Different sets of values were derived for the three sections based on different input parameters. Results differ from Austria mainly by the fact that dairy traits have a larger relative economic value, probably due to the higher price for milk in Switzeriand. For Austria, the relative weights of dairy:beef:functional traits from Table 1 is 37:18:45. For the two sections in Switzeriand where beef is part of the breeding goal, these proportions are roughly 50:10:40. Development of an index based on these economic weights is currently under way.
4.
Discussion One ofthe major results of this study already discussed by MIESENBERGER (1997) and MIESENBERGER et al. (1998) is that although economic weights for functional traits are higher than for dairy and beef traits (relations in economic weights for dairy:beef:functional = 37:18:45), most of the monetary gain from selection on the total merit index still comes from dairy traits (relations in monetary response for dairy:beef:functional = 81:9:10). This is due to the high positive correlation between fat and protein yield which makes Joint selection easy. Of course the results presented depend (amongst other things) on the genetic correlations assumed in the index. The correlations used in the current presentation are those currently used in Austria and are a mixture of actual estimates from Austrian Simmental, values found in the literature and educated guesses. DRUET (1998) and DRUET et al. (1999) estimated genetic correlations from bull breeding value evaluations in the Austrian Simmental using MACE-like procedures (see SIGURDSSON and BANOS, 1995 , for multiple across country evaluation -MACE). The correlations found in this study confirm the scale for many ofthe correlations assumed. Important differences were found for the correlation of dairy traits with dressing percentage (values around 0.05 compared to -0.10 used in the index) and correlation of dairy traits with longevity (0.14 instead of-0.15) and somatic cell count (close to 0 instead of-0.25). The correlation between dairy traits and longevity is most arguable as there is some correction for dairy traits in the evaluation procedure for longevity. This correction is based on the relative superiority of a cow with regard to dairy traits in comparison to her herd mates. For other Austrian cattle breeds like Brown Swiss and Holstein Friesian, this correlation is negative (DRUET, 1998) . As all three ofthe traits mentioned (dressing percentage, longevity and somatic cell count) are less negatively or even positively correlated with dairy traits aecording to DRUET et al. (1999) , the total monetary return expected from selection on an index based on these correlations is roughly 25 per cent higher than in the Situation presented in this paper. The proportions of expected gains from the three trait complexes are then 69:9:22. Nevertheless, the Statements on relative superiority of an index including dairy, beef and functional traits as compared to less complete indices and the effects of including conformation traits into the index are valid for both sets of correlations assumed. Prediction of longevity from type traits is often advocated for as direct information on this trait comes so late in life. BROTHERSTONE et al. (1998) and JAIRATH et al. (1998) provide recent aecounts of this notion as do several contributions to a recent GIFT Workshop on longevity in Jouy-en-Josas, France (GIFT is an EU-funded concerted action about improvement of functional traits in cattle, PDF-versions of the papers presented can be accessed at http://www.boku.ac.at/nuwi/gift). BROTHER-STONE et al. (1998) estimated a genetic correlation of 0.52 between a phenotypic index of three conformation traits (foot angle, udder depth, teat length) and lifespan, a measure of longevity corrected for first lactation milk production. JAIRATH et al.
(1998) estimated a correlation of 0.37 between estimated transmitting abilities for functional herdlife and an index of conformation traits including capacity, feet and legs, mammary and rump. Assuming such correlation in our total merit index, the additional gain for total merit was small (0.4 per cent) and the merit for longevity was also not very high (7 per cent increase). Of course this depends much on the assumptions like accuracy of estimates for the various breeding values estimations but the general conclusion of little increase in total merit is probably correct. The correlations between conformation and longevity of 0.6 are definitely the upper limit. Such correlation estimates are likely to be to high because they neglect the fact that type is often a culling criterion in its own right not related to the functionality of a cow (BROTHERSTONE et al., 1998) . The reduction in economic merit when giving much weight to conformation as an expression of the beauty of individuals is quite dramatic. As an example, in German Holstein Friesian the following formula is currently used for calculation of the total merit index (RZG): RZG = 100 + 0.88 • dairy + 0.36 • conformation + 0.22 • cell score +0.16 • functional traits where all subindices are expressed on the same (genetic) scale. This implies that conformation is getting about 22 percent of the total weight in the index. Using the results from the Figure this would mean about 17 per cent reduction in monetary response, assuming the real economic value of conformation is zero.
5.
Conclusions Selection for a total merit index including dairy, beef and functional traits is superior to indices with dairy or dairy and beef traits only. Combination of evaluations on all traits into a single value that can be used as primary selection criterion is of invaluable use in a breeding programme. It provides a formal definition of the breeding goal and makes rules and decisions of breeding organisations about limits for aeeeptance of individuals as bull dams, bull sires, test bulls, etc. much easier. It provides a guideline to the individual farmer although in many cases a farmer will also look at single breeding values for corrective mating of his cows. The acceptance of the total merit index as primary selection criterion by organisations and farmers in Austria is very good. The total merit index should not be considered as fixed (with regard to traits or weights) even in the short term but should be adapted with availability of evaluations for new traits or foreseeable changes in market conditions. The monitoring of the current state with regard to total merit indices in Simmental/Montbeliarde in Austria, France, Germany and Switzeriand reflects this volatile Situation. Inclusion of conformation traits into a total merit index as early predictors of longevity increases total merit only marginally. Independent selection of conformation as an expression ofthe "beauty" of cows can be detrimental if the relative weights put on conformation are to high.
